Objective. Growing demand for VA dialysis exceeds its supply and travel distances prohibit many Veterans from receiving dialysis in a VA facility, leading to increased use of dialysis from non-VA providers. This study compared utilization and hospitalization outcomes among Veterans receiving chronic dialysis in VA and non-VA settings in 2008-2013. Data Sources. VA, Medicare, and national disease registry data. Study Design. National cohort of 27,301 Veterans initiating dialysis, observed for a period of 2 years after treatment initiation. We used multinomial logistic regression to examine associations between patient characteristics and dialysis use in VA, non-VA community settings via VA Purchased Care (VA-PC), community settings via Medicare, or Dual settings. Zero-inflated negative binomial regression was used to compare risk of hospitalization and days spent in the hospital across dialysis settings. Principal Findings. Sixty-seven percent of Veterans obtained community-based dialysis exclusively via Medicare, 11 percent in the community via VA-PC, 4 percent in VA, and 18 percent in Dual settings. Financial and geographic access factors were important predictors of dialysis setting, but days spent in the hospital and risk of hospitalization did not differ meaningfully across settings. Conclusions. Most Veterans obtained dialysis in the community. Dialysis setting appeared to have little impact on risk of hospitalization among Veterans.
2013), Veteran preference, prior care-seeking in VA (Stroupe et al. 2011; Wang et al. 2013) , and VA and community capacity. Financial factors include the relative generosity of VA and Medicare coverage. Unlike VA coverage, for new Medicare enrollees under the ESRD benefit, there is a 33-month coordination period wherein Medicare serves as secondary payer to a Veteran's primary insurance coverage (e.g., private insurance). Differences in VA and Medicare cost-sharing borne by the Veteran may also be a factor, as VA copayments (if not exempted due to military-related disability or low income) are $15 per visit, compared to monthly Medicare Part B premiums and 20 percent copayment (roughly $30 per treatment) required under Medicare.
Dialysis services are a limited and costly resource within the VHA, which operates 71 units that provide outpatient maintenance dialysis, including 66 that also provide both inpatient acute and chronic dialysis services. When VA facilities are unable to meet Veteran demand for chronic dialysis due to insufficient capacity or geographic inaccessibility, local VA facilities authorize the use of outsourced dialysis care in the community through the VA Purchased Care program (VA-PC, formerly known as VA Fee Basis). This system of procuring non-VA dialysis under VA-PC was in place before the introduction of the Veterans Choice Act. As chronic dialysis services are explicitly excluded from the Veterans Choice Program (VHA Office of Community Care 2017), VA-PC remains the only source of VA-financed dialysis in community settings and is the fastest growing source of dialysis for Veterans. The share of VA dialysis expenditures spent on VA-PC community-based dialysis increased from 17 percent in 1993 to 81 percent in 2017, and the proportion of Veterans receiving VA-financed dialysis in the private sector increased from 56 percent in 2008 to 77 percent in 2017 (Health Economics Resource Center [HERC] 2009; VHA 2009; VHA Enrollment and Forecasting 2018) .
Studies conducted more than a decade ago assessed general health care utilization among VA dialysis patients receiving care in different settings and payment sources or assessed dialysis costs among small regional samples (Hynes et al. 2007 (Hynes et al. , 2012 Wang et al. 2013) . Specifically, the prior study by Hynes and colleagues examined utilization, costs, quality of life, and mortality in 334 Veterans receiving maintenance dialysis from 2001 to 2004, while Wang and colleagues examined hospitalization and mortality in 1,388 maintenance dialysis patients from 2007 to 2008. Linkages of VA and Medicare administrative data to examine a more contemporary, national sample of patients reflecting utilization patterns and outcomes of the array of dialysis treatment and financial arrangements for dialysis services are needed.
Elucidating the demographic, clinical, and financial determinants of Veterans' use of VA, VA-PC, or Medicare-financed dialysis care and its implications for care and outcomes is information that is critical to forecasting and meeting the needs of future Veterans with ESRD.
In this study, we merged VA and Medicare data to examine a national cohort of 27,301 Veterans who initiated dialysis between 2008 and 2011, which was a time of exponential growth in VA spending for dialysis care and changing care and payment models. First, we examined Veterans' utilization of outpatient maintenance dialysis and assessed the extent to which there were systematic differences in the characteristics of Veterans who obtained dialysis in VA and non-VA settings. Second, we compared differences in the risk of hospitalization and days spent in the hospital across dialysis settings, which may be a function of many factors, including differences in patient characteristics across settings, quality of care, and care coordination across settings. Broadly, this study describes patient utilization in the VA's open health system model for providing care to a wide demographically and geographically distributed patient population. Examining these determinants is a critical foundation to understanding of potential sources of bias in comparative assessment of dialysis outcomes of VA versus Medicare-financed dialysis care and to understanding the tradeoffs, implications, and value of alternative models of 
METHODS

Conceptual Framework
This study is informed by Andersen's modified behavioral model of health services use (Andersen 1995) . Briefly, this model posits that contextual factors (e.g., availability of VA dialysis, eligibility for insurance coverage) and individual characteristics (e.g., age, race) influence health care utilization, which in turn shape health outcomes. The relative importance of these factors may vary based on predisposing factors (e.g., employment, distance to care), other enabling factors (e.g., exemption from VA copayment, insurance status), and needs of a particular individual (e.g., comorbidity burden). Moreover, variations in these individual factors may provide insights into the underlying reasons for variations in utilization and outcomes of dialysis services in VA and non-VA dialysis settings.
Hospitalization is common for patients with ESRD because dialysis initiation represents a major care transition often requiring hospitalization at the time of initiation and for subsequent complications (e.g., infection). Dialysis is an intensive and ongoing type of care (commonly 3 weekly visits to providers) that is quite different than health care received by most non-dialysis patients. While some hospitalizations are necessary, others might be avoidable with better care coordination (i.e., a clotted dialysis access graft could be managed on an outpatient basis with better coordinated care). We hypothesized that those obtaining VA dialysis may experience better care coordination and lower rates of hospitalization than Veterans obtaining community-based care funded by VA-PC or Medicare due to co-location of dialysis and non-dialysis services and informational continuity of clinical information contained in the VA's seamless electronic medical record . Hospitalization is an important dimension of dialysis quality and as a federal provider, however, the VA is systematically not included in the public reports on dialysis provider quality.
Study Design, Data, and Cohort
We conducted a retrospective cohort study of VA-enrolled Veterans who initiated maintenance dialysis in 2008-2011. We used VA and Medicare administrative data from 2006 to 2013 to track Veterans' use of health care services and their use of outpatient maintenance dialysis under VA, VA-PC, and Medicare programs and hospitalization outcomes for up to 2-years before and after dialysis initiation. VA data sources included information on Veteran enrollment (VHA Assistant Deputy Under Secretary for Health (ADUSH) Enrollment and VA MiniVitals files), inpatient and outpatient encounters (VA Patient Treatment and Outpatient Care files from the National Patient Care Database), and use of VA-PC provided in community settings (VA Fee Basis outpatient and inpatient claims files). Medicare data included enrollment and claims files (i.e., Beneficiary Summary, MedPAR, Outpatient, and Carrier files) and the US Renal Data System (USRDS), a comprehensive national registry of all ESRD patients and providers in the United States (USRDS 2016).
After obtaining requisite approvals for the use of VA/CMS data, the analytic cohort was identified through a multi-step data linkage process of VA and USRDS administrative files, coordinated between the study team and the VA Information Resource Center. Veterans were defined as those who enrolled in and obtained health care, compensation, or pension benefits from the VA (DVA 2014). Over 250,000 unique Veterans receiving dialysis in 2007-2013 were initially identified from VA and USRDS sources. We excluded patients who received a pre-emptive kidney transplant, died within the first 90 days or recovered renal function within the first 180 days after dialysis initiation (because their exposure to financing options and dialysis treatment were too limited to derive meaningful associations); did not have a valid residential zip code or lived outside the US (i.e., Puerto Rico, Guam); or had incomplete or delayed recording of demographic or clinical information at dialysis initiation in the USRDS registry. We also excluded Veterans who were enrolled in Medicare Advantage or had unknown Medicare status at baseline; did not have any VA, VA-PC, or Medicare recorded claims or encounters for outpatient dialysis; and patients who were hospitalized for the entire observed period of follow-up. The final cohort included 27,301 Veterans (Appendix SA2).
Outcome and Covariates
We examined two outcomes of interest: utilization of dialysis setting and hospitalization in the 2 years following dialysis initiation. The dialysis setting outcome was one of four mutually exclusive dialysis settings/financing sources, ascertained from VA and Medicare claims: VA in-house dialysis (VA), VA-PC in community-based dialysis units, Medicare-financed dialysis (Medicare), and Dual dialysis from any combination of VA, VA-PC, and/or Medicare arrangements. The outcome was initially identified in quarterly increments from the time of dialysis initiation up to the earlier instance of kidney transplantation, death, or end of follow-up, but later constructed as a cross-sectional observation per patient after we found little within-patient variation in dialysis setting over the 2-year observation period (Appendix SA3) .
We also examined hospitalization, which is common for patients with ESRD, due to the generally high comorbidity burden and the major care transitions associated with dialysis initiation. Hospitalization was ascertained by VA, VA-PC, and Medicare claims files and defined as the all-cause total number of days spent in the hospital after dialysis initiation for up to 2 years of observation, with censoring at death or kidney transplantation. We also describe rates of cause-specific hospitalizations: cardiac-, dialysis access-or infection-related.
Information from VA, USRDS, and Medicare administrative data was used to construct characteristics of each patient at the time of dialysis initiation (Table 1, Appendix SA4). We focused on eight explanatory variables of interest previously shown to consistently and systematically differ among Veterans who receive dialysis and other kinds of care in different settings (Hynes et al. 2007 (Hynes et al. , 2012 Fischer et al. 2010; Stroupe et al. 2011; Wang et al. 2013 ) including demographic (age, race/ethnicity, US region of residence), clinical (baseline kidney function via estimated glomerular filtration rate or eGFR, mental health comorbidity), and access factors (insurance coverage: Medicare, Medicaid, private insurance, other, VA copayment exempt vs. nonexempt status, and straight-line distance to their nearest VA dialysis unit). Analyses were also adjusted for the following covariates: sex, urban vs. non-urban residence, year of chronic dialysis start date, employment status, factors surrounding dialysis initiation that would influence treatment setting (e.g., pre-ESRD nephrology care within or outside the VA, incident dialysis modality, type of vascular access at time of dialysis initiation, history of prior kidney transplant, cause of ESRD), distance to the nearest VA medical center (VAMC, i.e., the center most frequently used for non-dialysis care, else the nearest VAMC to residence), and the extent of VA reliance for other outpatient care (Liu et al. 2011) . VA reliance in our dialysis cohort was defined as the proportion of outpatient evaluation and management visits in or purchased by the VA, of all such visits identified from VA, VA-PC, and Medicare sources in the year prior to dialysis initiation; and categorized as no VA or Medicare use (5.5 percent), 0-50 percent outpatient use relying on VA (60.3 percent), and >50-100 percent relying on VA (34.2 percent). We also determined whether patients initiated dialysis in the inpatient vs. outpatient setting, which may reflect severity and/or acuity of patient illness (i.e., complication resulting in kidney failure) or local practices (i.e., initiating dialysis as an inpatient to demonstrate physical tolerance for treatment) (Arif et al. 2017) . The clinical burden of disease borne by the patient was characterized by 29 indicators of diagnosed physical health conditions (Gagne et al. 2011) , body mass index (BMI), as well as hospitalization and institutionalization through VA or Medicare in the year before starting dialysis and hospice use in the 90 days before dialysis initiation. Finally, we included several characteristics of the VAMC most frequented by (or nearest to) each cohort member, including whether the VAMC had an on-site nephrology services or dialysis unit, and the 2011 fiscal year occupancy rate of each Veteran's nearest VA outpatient dialysis unit as a rough proxy of VA clinical capacity.
We conducted regression imputation on 1,386 Veterans in our cohort (5 percent) with missing VA copayment status, based on baseline variables that predicted missing VA copayment status using IVEware in SAS (Raghunathan et al. 2001; Raghunathan, Solenberger, and Hoewyk 2007) . All results presented use the copayment status including the imputed values. To assure fit in multivariable regression models and to simplify interpretation of point estimates, all continuous variables (e.g., age, body mass index, eGFR) were included as binary or categorical variables. Our outcome of hospital days over the 2-year period after each patient's first ESRD dialysis date of service is a count variable with overdispersion and excess zeros, so we fit Poisson, negative binomial, zero-inflated Poisson, and negative binomial (ZINB) regression models that are appropriate for this type of outcome (McCullaugh and Nelder 1989; Neelon, O'Malley, and Smith 2016) . The ZINB was the best fit model based on Akaike information criteria (AIC, Akaike 1974 ). The ZINB model is a mixture of the probability distribution for number of hospital days representing a subpopulation of Veterans at risk for hospitalization and the subpopulation not at risk for hospitalization (i.e., with no hospital days or "excess zeroes"). A higher probability of "excess zeroes" correlates with a lower probability of risk for hospitalization. An offset variable for time in the study was included to account for censoring due to death or kidney transplantation during follow-up, and both parts of the zero-inflated models adjusted for the aforementioned covariates. A deviance-based R 2 for the ZINB (Martin and Hall 2016) was 0.14. To aid with effect size interpretations for explanatory covariates of interest in both analyses, we present marginalized predicted probabilities of dialysis setting and expected number of days in the hospital and associated 95 percent confidence intervals (Austin 2010; Fang 2011 ). This study was approved by the Institutional Review Board of the Durham VA Health Care System.
RESULTS
Characteristics of Patient Cohort
Veterans obtaining maintenance dialysis were predominantly male (98 percent), white (67 percent), retired (83 percent) and had a mean age of 
Utilization of Outpatient Dialysis Setting
Most (67 percent) Veterans received dialysis via Medicare exclusively throughout the 2-year observation period (Table 1) , 4 percent received VAonly dialysis, 11 percent received dialysis outside the VA under VA-PC only, while 18 percent received dialysis in more than one of these settings (Dual settings). Among the Veterans in this latter category, utilization patterns were generally stable over time. The majority of Dual dialysis patients used multiple settings for a relative short period of time over the 2-year observation; half received dialysis in multiple settings only in the first 3 months after dialysis initiation and then settled in a distinct and single setting for the remainder of their observation. Moreover, Dual use most commonly involved VA-PC (48 percent of Dual users received dialysis through VA and VA-PC, 26 percent through VA-PC and Medicare, and 12 percent through VA, VA-PC, and Medicare). There was variation in setting/payment source across VISNs (Appendix SA5), with the percentage of patients receiving dialysis under Medicare ranging from roughly 50 percent in VISN A up to approximately 80 percent of Veterans in VISN S. Higher observed percentages of Veterans with VA-only dialysis were younger (aged <65), initiated dialysis with low levels of kidney function (e.g., eGFR < 10 mL/min/1.73 m 2 ), were Black or Hispanic, were exempt from VA copayment, lived less than 30 miles from a VA facility providing maintenance dialysis, or had a mental health diagnosis as compared with Veterans with Medicare (and in some cases, VA-PC) dialysis (Table 1) .
In adjusted analyses, all explanatory variables of interest were associated with dialysis setting use (all p-values < .0001; Figure 1 , Appendix SA6). There was a substantial difference (7.8 percentage points) in predicted probabilities of Medicare use by VA copayment status (73.1 percent if required to pay VA copayments vs. 65.3 percent if exempted; Figure 2 ) and in the use of VA-PC dialysis (9 percentage points) by Veterans' residential distance <30 miles from their nearest VA dialysis unit compared to those living ≥30 miles away (5.6 percent vs. 14.5 percent). Veterans with a mental health diagnosis had higher odds of VA only, VA-PC only, or Dual dialysis use compared to Medicare only (Figure 1 eGFRs 10-15 mL/min/1.73 m 2 had lower odds of VA-PC dialysis (vs. eGFR <10, Figure 1 ).
Hospitalization Rates and Number of Days by Dialysis Setting
Overall, 83 percent of Veterans were hospitalized at least once during the 2-year period after initiating dialysis (Table 2 ) and spent a mean of 22.7 days (SD 28.8) and a median of 14.0 days (interquartile range = 28.0) in the hospital during this time period. Observed days spent in the hospital were similar across the four dialysis settings. Nearly, half of the cohort had at least one cardiac-related hospitalization, and this was true for all four groups. Overall, 23 percent of Veterans had at least one access-related hospitalization, ranging from 21 percent for those receiving dialysis in VA-based to 28 percent in those receiving dialysis in Dual settings. The observed rate of infection-related hospitalization for Veterans obtaining dialysis ranged from 41.2 percent for VAbased to 45.1 percent in Dual settings.
After adjustment for demographic, clinical, and access factors, risk for hospitalization (as reflected by probability of excess zeroes-lower probability of excess zeroes indicates higher risk of hospitalization) differed across dialysis settings (p < .0001; Appendix SA7). However, these differences were not clinically meaningful: upon examining marginalized estimates of risk for hospitalization, we found the range of estimates to be 0.10 to 0.14 across settings. Among the subpopulation at risk for hospitalization, there was no difference in the number of days spent in the hospital by dialysis setting (p = .80; Figure 3 and Appendix SA7).
DISCUSSION
Capitalizing on linkages of longitudinal VA, Medicare, and national disease registry data in a national cohort of Veterans who initiated dialysis in 2008-2011, we found that 67 percent received dialysis in the community exclusively under Medicare while only 4 percent received dialysis exclusively within the VA. The remaining 29 percent of patients received VA-PC dialysis delivered in the community (11 percent) or received dialysis in more than one setting (18 percent). We found marked stability in Veterans' dialysis utilization patterns where over three quarters of Veterans obtained dialysis in the same one setting through the entire observation period, indicating that Veterans' dialysis setting was established early after initiation and that a community setting financed by Medicare was preferred by most Veterans. These findings-which reflect the most comprehensive contemporary analysis-are generally consistent with a prior study of Medicare and VA-enrolled Veterans with ESRD, which showed use of both Medicare and VA programs for general health care needs (Hynes et al. 2003) . Two earlier studies with smaller cohorts of regional samples (in 2001-2004 and 2007-2008) reported that Veterans had less frequent dialysis use in Medicare and greater use of VA financed or Dual dialysis (Hynes et al. 2007 (Hynes et al. , 2012 Wang et al. 2013) .
We also found that the risk of hospitalization and days spent in the hospital two years after initiation did not differ meaningfully by dialysis setting. We hypothesized that dialyzing across multiple settings involves transition of care and involvement of various providers across VA and non-VA health systems might place patients higher risk for hospitalization, but our results suggest otherwise. Prior studies found differences in hospitalization rates between Veterans receiving dialysis in VA and non-VA settings (Hynes et al. 2012; Wang et al. 2013) , likely due to differences in study years, sampling strategy (regional vs. national sample), data used (VA vs. merged VA and Medicare enrollment and claims), and timeframe of observation (1-vs. 2-year follow-up).
Although risk of hospitalization and time spent in the hospital did not differ meaningfully across settings, we found that over three quarters of Veterans initiating dialysis maintained care through the same setting up to 2 years of observed follow-up, which suggests that Veterans' dialysis setting was established early after initiation. This finding raises important questions about whether current practices allow Veterans to exercise choice over where they dialyze, whether increasing VA capacity would lead more Veterans to obtain dialysis care in VA, and how shared decision making might be systematically introduced early in the course of dialysis treatment to insure that decisions about dialysis setting reflect the needs and preferences of individual Veterans. Given the often-evolving needs of patients on dialysis and limited switching across settings, VA may want to develop feedback mechanisms and infrastructure to support accountability and responsiveness to patients' needs.
With increasing prevalence of ESRD among Veterans, assessing the consequences of the VA Health Care System's make vs. buy decision-making process for dialysis care is important, especially as improving Veterans' access to community care has become a high priority among VA leaders (Vanneman et al. 2017) . Our findings suggest that either option does not have adverse consequences on hospitalization outcomes. Veterans receiving dialysis in VA are more complex in several respects (more frequently African-American with higher prevalence of diabetes, hypertension and mental health comorbidities, hepatitis, amputation) and therefore may receive more Veteran-centric care in VA than those receiving dialysis care through Medicare. These results suggest that buying dialysis care in the community may be reasonable for most Veterans, but more complex Veterans may benefit from dialyzing in VA. Current policy does not allow VA to steer Veterans to community sources, so Veterans are likely to continue receiving dialysis from all of these sources for the foreseeable future.
If VA continues efforts to make additional VA capacity, our findings suggest it may do so without compromising patient outcomes while also improving patient access to VA care, aligning services to Veteran preferences, and reducing VA-PC expenditures (GAO 2014) . Veterans appear to largely utilize community-based care, given that only 4 percent of Veterans dialyzed exclusively in VA and nearly three times as many Veterans were obtaining community-based dialysis purchased by VA than were obtaining it from VA facilities. This demand for dialysis is likely to continue to outpace VA supply for some time, particularly if access to community dialysis care continues to increase. Future research is needed to understand whether outcomes for Veterans obtaining VA-PC dialysis remain comparable to those of Veterans obtaining dialysis in VA facilities.
There are study limitations that should be noted. First, the scope of our analysis was limited to outpatient dialysis utilization and hospitalizations provided under financial auspices of the VA or Medicare. We did not have access to data on dialysis financed by Medicare Advantage or private insurance (approximately 9,000 patients). Therefore, our findings may not generalize to the entire population of patients or Veterans with ESRD. Second, despite all attempts for comprehensive covariate adjustment from VA and Medicare sources, unmeasured confounders may impact our results. For example, we were not able to control for social support or disease severity or to measure intermediate outcomes of dialysis treatment (e.g., urea reduction ratio, anemia treatment) that may influence dialysis utilization, reflect quality of dialysis care, and influence risk for hospitalization. Clinical measures obtained through laboratory results are not uniformly available across all settings and data systems. Third, we were not able to identify or characterize VA-PC community dialysis providers from the VA-PC claims data. This is important because the majority of private-sector dialysis facilities are freestanding units and studies that found relationships between ESRD outcomes and dialysis facility characteristics have excluded VA's hospital-based facilities (Garg et al. 1999; Hirth et al. 1999) . Further research is needed to better understand whether observed differences in Veterans' dialysis outcomes are attributable to the types of providers VA is outsourcing its services. Last, analyses were conducted on Veterans initiating dialysis from 2008 to 2011 and may not reflect current trends in CMS and VA payment and contracting policy, which has undergone significant change since 2012 (e.g., Medicare bundled payment for dialysis treatment, establishment of VA national contracting for dialysis services).
The ability to link VA, Medicare, and USRDS data enables a range of analyses in an extremely vulnerable and costly group of Veterans that can yield insights to help VA best structure and modify dialysis care and payment policies. Without Medicare and USRDS data linkage, it would be unknown specifically where a majority of Veterans initiating dialysis are getting their care or how hospitalization rates and other outcomes vary by dialysis care setting. As VA increases Veterans' access to community care, these data linkages provide VA an ability to examine outcomes between VA dialysis and VA-PC dialysis, which can inform future "make or buy" decisions about dialysis.
In conclusion, this study's linkage of VA and Medicare data and comprehensive assessment of Veterans' utilization and hospital outcomes of chronic dialysis services identified important drivers of utilization patterns and hospital outcomes of Veterans receiving chronic dialysis in VA and non-VA settings in 2008-2013. Veterans' dialysis care patterns are established early after initiation. Most Veterans receive dialysis in the community through Medicare, and a minority receive treatment through the VA. There were no meaningful differences in hospitalization or days in the hospital, which is an important outcome but not the only outcome consideration for VA providers and federal policymakers. These results serve an important foundation for evaluating the comparative effectiveness of dialysis outcomes, assessing the consequences of the VA's make-buy decision for dialysis care on the quality of care and health of Veterans, and allocation of federal (VA and Medicare) resources for life-sustaining care for a growing population of Veterans with ESRD.
